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Top— This new twin-loop test facility is designed to 
test canned motor-pumps. including a full range of 
sizes up to those that can handle 22 000 galions per 


+ 


minute. Tests on various sizes can be made withou 
changing the basic configuration of the loop 


Bottom This 16000-pound canned motor-pump 


volute is being made for the Yankee Atomic Electric 


Company's nuclear power plant. The technician is 
checking dimensions on the thread for bolts that will 
hold the upper portion of the pump in position. The 
finished canned motor-pump w be over 11 feet high, 
and will be rated at 1600 hp 
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AIW type reactors. These ships are the tions it can be used to supplant more The magnet f this system 
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The land-based prototype nuclear 
power plant for the Navy's large 
surface ships. In the foreground is 
the cooling tower for cooling 
water used in the AIW plantcircu 
lating system. Behind it its the 
building that houses the two 
reactor propulsion plant This 
A1IW plant ts located at the Naval 
Reactors Facility at the Atomic 


Energy Commission's testing sta 


tion in Idaho 





JANUARY, 1960 5 





x 
- 
- 
- I - » Ps - 5 
“4 x me x ¥ ¢< 
2 — : ¥ 7 ae 
z — S & - >] foams 
“ << vs > ¥ 
a [— i a 
- hated y .© - ; 
ad = E= — 
nd ad : = 
x rr) os . 
> ns. 
= ay S 
. = x 
a = . 
» . ~ - 
3 “~ - = 
ww) = - - 
= z j 
ca : q 
ce 7 7 . 
= n & = 
me - 4 











, transm 


a 


ct distribution 





an 


eration 








3O00-ron 





Westinghouse ENGINEE 











ratior 
front r ry 
: CT 
lormance 


elect 
) ce nr 
yo iW) 
Electric ( 
’ Sorek 


JANUARY, 


( nan 
proverme 
pica 


; rr 
Mt j 
le< 
re 
‘ ec ce 
@ner ‘ 
) 
ré ' 
‘ 
re tee 
‘ ent 
( ‘ 
‘ tre 
‘ 
- te 
4 foe 


( 
‘ 

1 ” 
er for 
té 

“rt 
‘ ' 
ere 
' 
re«l te) 
( (rt ( 
| rY 
» fit 


1960 





ws of ZS re 
y the irgest 
; every 
i y ‘j : 4) 
‘ 
trifucal stresses 
} lec « } : 
{o"-rom ¢ 
} 
‘ seola} t¢ 
tr ‘ , 
enyt \ 1 
' Ldis 
eiected | 
t-treated deve 
' rt 
" ( 
ro ‘ 
‘ 1 ‘ 
‘ | 
r | er 
' ; bye 
A new bimet 
eve “cit MT 
j ) 
r 1 “rT 
j lor 
t t t 
| 
‘ 1 
eat-treated f¢ 
ropert te ‘ 
1 ret 
» wae turhing 
| y ser F 
rt ner , 
“ ) 
le re | 
‘ hy, 1 
Tove \ Wes 
ears of se 
lard oa turt 
| broad. ra 
S000) kw, Howe 
turl ‘ now i 
} ) j ’ 
the | Ie] 
is one of the 
bier ' 








»< 
eV , 
steny 


emecrye 
Maxim 
per day 
The Ca 
OTigina 


rial 
dj 
or 
ter 
” 
' 
té¢ 


t 
‘ 

iré 
re 
“’ € 
eT 
( 
er 

ret 


erat 
d-air 
, ny 
so) 


ooied rot 

*rcoooing 
ol irve 

ne use ol 


ump, ae 
r radioa 








, Stresses e 
‘ the gas tur 
re of prime n 
ereq rements 
} ing’? nt 
meet the grow 
lioctr eo 
Cret ywlied in 
rod ,r pure 
. r y to 
no tra-t ré 
eam turbine 
‘ ssitied 
' ect e 
‘ ' the re 
e t ¢ worate 
) i I 
ed ele ent 
water 
er me ' iT 
oY read 
yw ‘ Ty ih ys 
r YT ‘ ' 
Ts cre 
roe Ke ) 
t t ter > 
t ~ ~ sf 
‘ i eT 
re { I ’ 
=f | ') 
porators mr ce 
flash evaporator 
t ] cT - \ 
le keke 
' ‘ i 
_ $ 
l r 
t i-f i t Iu) 
vie-stage tlas 
the revenerative 
cold to Ni ‘ 
) tor the ev 
{ | ter 
, ed. but in at 





f 
added so 
Increase 
these | 
e< > 
type u 
The t 
ure rer 
fies . 
event ot 
f re 
oO “ 
reduces t 
different 
n 
simpler 
( ( 
i. | 
They re 
ectlo 
) ai 
te ‘ 
~ ré t 
‘ ‘ ? 
? t 
ture. A 
‘ > T 
} P 
densate 
Kete 
t 
< ( I 
The 
s¢ eT 
LMM) ff 
wit Mi 
r) ‘ 
tems up 
\ new 
} — 
Het cit 
collecto 
comm 
The sv 
magnet 
citer, al 
on tne 





TOSS 
i‘? 
é r 
é 
f 
1 
| 
10 OO”) 
» SAA) 
é 


é 
wt 
¢ 
er 


nH) 








Left The rotating rectifier of the brushless excitation system 


Right This is the first of two ‘‘cross-quad'’ 3600 3600 turbine generator units 
being installed in the Bergen Generating Station of the Public Service Electric 
and Gas Company of New Jersey. This No. 1 Unit was placed in commercial 
operation in May 1959; Unit No. 2 is scheduled for operation as we go to press. 
The turbine is a cross-compound, quadruple-exhaust machine, with both 
shafts operating at 3600 rpm. The outstanding feature of this design is the use 
of 3600-rpm turbine and generator for a rating of 290 mw. Each element has 
small diameter turbine and generator rotors with ratings well within past 
practice. Turbines are nearly identical, consisting of duplicate low-pressure 
turbines with double-flow 25-inch low-pressure blades, one connected in 
tandem to a high pressure and the other to the intermediate turbine 
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Left The Haas Powerhouse, the first underground 
electric plant built in the United States in 42 years 
and the only large one, is now in operation on the 
Pacific Gas and Electric Company's system. These 
two 75 000-kva vertical water-wheel generators oper- 
ate at 400 rpm. This unusually high speed is brought 
about by an operating head of more than 2300 feet. 
Water to drive the turbines ts brought through a 
6-mile tunnel and a 4560-foot penstock. The power- 
house ts carved out of solid granite, and is 500 feet 
below the surface and 2000 feet inside the mountain. 


Right Shown during model testing is a new cross- 
over pipe design that will simplify the piping arrange- 
ment for the new quadfiow tandem turbine units. 
With the new crossover pipe design, only two cross- 
over pipes are used. Each crossover pipe has two iniet 
connections and two discharge connections so that 
in effect two crossover pipes are combined into one. 
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designed for shipment with capacitors kilowatt and var outputs, along with passed on in sequence to an output 
place. The new unit is supplied in system voltages at ct! al points. A circuit that drives an output relay. 
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potentiometric re- 


corders must have a dk 


transmitters, or 
signal rela- 
tively free of ripple. a 


relay developments 


Relay designers made a promising 


start toward rea g the potential 
advantages of semiconductors when 
they deve ped anev tat relav. the 


type SA, for generator protection. Re- 


sponse of the sta relaving circuitry 
is limited o1 ‘ e required for 
integratio r ft nd ym 
mand f The new SA differ 
ential generator relay holds promise 
for low ma ( 1 GF Sei 

ity, lower operating energy, and more 


compat t col I 
K-Dar Mutcr wwe Relaying The 
K-Dar compensator relays for dire¢ 


tional-distance re ng o tra 


sion cil ribed o1 nese 
pages two y .. These relavs 
nave hee ¢ ew kK Dard ¢ 

tiona mM] a en t 
nas beer (i¢ er I te ve Tre 
laving wv ‘ ( ( 

Previ f e-rela p 
have ed « ¢ A pr pies € 
tem, or the transfe ) system. Wit! 
the hy ob C ( t eta 
ternal to the protected ne section, a 
blo« king WT transmitted wi 
prevents rer te ter! nals from trip- 
ping. Wit! er-trip en 
the tert Cle il 1 
la t { { ) ©] Fé 
mote ter! ( i é ¢ 
SEX 


tempt ‘ ( orate ( 
best featur king and 
transtler | e K-Dar 
vsten i ( ( I SI ed 
bv a te ( MA 

it ees il t. H ( ¢ 

it eacn ¢ ( | » TE 
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mand impulses from several 


meters on a system 
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nt temperatures 























equ to the distance between 20 to plus 100 degrees ( 
unlike poles on the es the dire Indi iting position is a Slightly dif- 


tion of magnetization in the pickup ferent matter, for position must be 
cl oe the wheel rotates; no cor indicated at zero speed, as well as 


tact is made between the whee nd when there is movement. This has 


convevor. or motor of 100 ke, sent through the radial 

The wheel can be magnetized with windings of the rotor, produces a 
any ere from 1 to 1000 magneti fringe tield that excites a current in 
poles Thus. high resolution can be the bifilar winding of the stator. When 
obtained at slow speeds. The unit can the stator and rotor windings are 
operate over a peed range from 20 to matched, a maximum voltage 1s pro- 
10 000 rpn duced in the stator. When the wind 


The entire assembly is enclosed ings are equidistant, the induced volt 





st-alum m frame, which in the stator is cancelled. As the 
is watertight and dustproof. The out- rotor turns, a sine wave is produced, 


put of the speed-se ng device is 24 which after amplification runs through 
volts th only 100 ohms impedance, a detector, is shaped, and emerges as a 
so that the wna i be transmitted Square wave 


ically for industrial use, can operate the digital pulses. In addition, slip 
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rings to provide power to the rotor are tor is used, which also is reduced in size net. A test console can be used, with a 








also eliminated. Instead power is pro Careful arrangement of equipment patchboard for troubleshooting 
vided by induction through slip-ring also reduces the size of the cabinet In addition, each cubicle can be de 
transformers * For instance, all regulating equipment energized while the mill is running, 
is mounted on the back door. When provided the stand for the cubicle is 
the back door is opened, all connectors dummied 2 
Several features have been INCOTPoO betwee! the regulating equipment and 
rated ina redesign of a speed regul itor relavs are easily accessible. Also, the 
cubicle. Among the most important rear wiring of the relays is easily In addition to directing a sequence of 
are a reduction in size, and at the same reached from the inside panel operations 1 mammoth steel mill 
time, an increase in accessibility for Meters and recording equipment Prodac control will now oversee the 
testing and maintenance are mounted on the front door. With movements of a smaller, but nonethe- 
Previously, all equipment including the door open, relays, disconnect less just as complicated a machine—a 
regulation equipment, contactors, and switche and motor-operated rheo turret lathe 
rectifiers were mounted on pane Stats are re ilily accessible. In addi lor instance, on its first applicatior 
About three panels were required for tion, by using higner yall Magamp to a Gisholt automatic turret ithe 
each stand. In addition, to provide units, smaller motor-operated rheo this numerical control will automat 
accessibility, a cabinet depth of about stats can be used. Previously, the cally, from information supplied by 
72 inches was required motor-operated rheostat Was about punched tape: operate a face check 
Now, all equipment is located in five feet high, and had to be mounted for six turret faces; control the turret 
one cabinet, only 44 inches deep. Sev on the floor. Now, they too can be in- carriage traverse; select six rates for 
eral developments have made this re cluded in the cabinet the turret carriage feed rate; control 
duction possible. First of all, silicor Troubleshooting has also been the turret carriage direction; select 
diodes have replaced selenium diodes, greatly simplitied All leads needed for four different spindle speeds; auto- 
wit! in attendant reduction in size testing circuits are brought out to a matically operate an instantaneous 
And secondly, a new Magamp regu 22-point plug in the front of the cabi turret rriage reversa control the 
eg Ree ee bene Oa 





Rod exits from this mill at speeds up to 6500 feet per 
minute, giving the Sheffield Division of the Armco 
Steel Corporation title to the world’s fastest rod mill 
The speed of each of the 23 stands is controlled from 
the operator's pulpit. After the operator makes the 
settings, automatic regulation holds speed variations 
to Y% percent. 

The mill receives billets from the reheating furnace 

upper left). Billets travel through the roughing mill, 
intermediate mill, looping mill, and into a six-stand 
rod finishing train. From there, they pass through a 
four-stage high-pressure water descaler and are 
coiled on laying reels. 

High speed may not be the only record set here. A 
billet made a complete journey through the mill the 
second day the furnace was fired. The day after, rods 
were being rolled and coiled through all three stands. 
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‘ . - ‘ ( I This two-car incline at Look 
‘ ‘ out Mountain in Tennessee 
{ . \ ‘ has been outfitted with a 
‘ aati i in ‘ ‘ ‘ , modern ac drive one that 
r yr e re ‘ 
\ accelerates and decelerates 
smoothly because the two 
e Pr ] I ( 100-hp wound-rotordrive mo 
f r tors at the top of the moun 
€ pu ed t " ; P ' . tain are controlled with a 
| tr . A reversing two-phase satur 
able reactor control 


Provlac circuitry consisting of NOR GQNTROL AND DISTRIBUTION The operator at the power 


ts l ¢ Kaging em¢ DEVICES house can select five constant 
ere the NO} element ré speed points, which are inde 
+, f ‘ | co a - J pendent of load from 60 to 
i 3% 600 feet per minute. to ac 
celerate and decelerate the 
carson their way upand down 
the 5200-foot slope. The ad 
eT ‘ s face t vantage of this type of con 
. trol is that all reversing and 
speed control is accomplished 
; ene i with four primary reactors 
t I . ] el I I Here ( eliminating jack-rabbit 
starts and maintenance nor 
- ; t.. ’ ‘ mally associated with contac 
, as : te ; ae tor-type ac drives For in 
‘ tee , stance, acontactor-type drive 
( builds up torque in1 120 0fa 
( second whereas this drive 
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are easil 
blow ks ure sti ked 


High-Frequency Bus Duct has been 


developed lor operation in the range 


of 180 to 20 000 cycles per second. Be- 
cause of careful designing, the voltage 
drop is only one volt per hundred feet 
at 400 evel Equally important 1s 
the ease with which the bus can be in 
stalled and rearranged. The duct work 


has been outfitted with conventional 


type fittings, such a flange sections, 
tees, crossover and end closet 

Power can be obt uned at 30-foot I! 

te with plug-in unit 


\ cm tuning the Same pp! Vs 

e as lower rated breakers. Throug 
the use ofa ( molding compo | 
ind other design improvements 
( t breaker Mark 75) has bee lt 
veloped that « terrupt 75 O00 
ampere t 240 The breaker 


is made in four frame size : HF, HR, 
HKL, and HLM 


Combination Safety Starters were 
oe ed to the " illo ol to 
mobile facturer d ( ‘ 
quentiy these tarter l orporate 

juc te I teriock for 1 
1! ! ifet to per 1 |™ iT { 
| tance. the on-off tl ‘ 
I ent { ‘ ltot ‘ } 0 ect 
Cve lie the d mened >that 
thre merat onadition of the rter 
| ted at { ( SIM ten- 
| is bee vent t¢ r the 
ect the door An 

‘ nh event rr the door 

t 1 t | t ) 

{ Afte thie I tere opened 
the p event ant 

‘ f the ect en re 
( ed, the r t¢ | r 
cit erate ( to om ‘ ( 
ot ¢ lor 1 ( ( ‘ 

t ~ Th the breake | ‘ 
' t hye ' ' t efore 
thre t ter be ene ed 
i t tive ect } ( 
do i i ked to revent 
ize | OlM 1 of the bre ( 

| t rized entr to thie 
( et It t eve thout I | 
tha rn ‘t be opened wit 
out re lriver, f er discourag 
1 tho ( 1 ¢ try . 


low-voltage switchgear 
Vanual Spr } (lo ng Ve anism 


A new low voltage circuit’ breaker 
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VY acces ible even when the 


Top. Because this wheel excavator, designed by the United Electric Coal Companies, can 
dig and transport overburden on a continuous basis, it can move twice as much earth asa 
conventional shovel up to 5250 tons an hour 

In operation, the excavator wheel is set turning, and the cab and boom are pivoted on the 
turntable, making a swath in the hillside. For the next pass, the boom is extended and the 


swing reversed. 

Contributing to the high productive capacity of this machine are Magamp exciter controls 
for the dc wheel motor and two dc swing motors. Through the control, the speed of the 
swing motors is locked to the load of the wheel motor so that a constant amount of earth 
is deposited on the main conveyor. Previously, the operator had to control the speed of the 
wheel and swing to prevent the conveyor from overloading and spilling. With the Magamp 
exciter control, the operator merely sets the main switch for full power. The speed of the 
swing automatically changes to maintain a constant volume of overburden. 


Bottom This new speed-indicating device was developed for use with small turbines. Its 
principal advantage is that no mechanical connection is required between the indicating 
device and the rotating shaft. The speed of the rotating part is sensed by an electromagnetic 
pickup, located near a gear or notched shaft. This signal is applied to an all-static circuit, 
which transforms the pulses from the pickup to a dc millivolt signal. The output signal 
magnitude is proportional to pulse frequency. Since most of the power for operating the 
unit is obtained from an external voltage source, the input or pickup power required to 
operate the trigger action is extremely small. By proper design of the gear or notched shaft, 
the device can be adapted to almost any rpm range desired 












closing mechanism s bee devel entr e protectors has been devel about 5 weeks to a mere 20 minutes. 
oped. In this new manual mechanism, oped rated 600 volts and up to 4000 This shorter calculation time permits 
the speed and force with which the amperes continuously. Hig terrupt this better method of torque control to 
breaker contacts close is determined Ing capacity current-limiting fuses be used in more applications I] 
Dy the designer ind is 1 lepe dent of pro le the short t rotection 

the strength and sk t the operator Spring ened s ) tio breaker 

Chis permits the safe use of manually typ | te ters give \ irge induction motors of 200 hy 
operate 1 Dre ikers vil lt "¢ | trip I> ( I ents w | l above ire vive the equivale tol 

g on ci ts wv wossible fault I eXist ( emerge yma il t »man-years’ calculation com 

currents » to 50000 amperes. Pre ODt gisn r ” pre sed into ten minutes of hig! peed 
viously manu \ sed breakers ligital computer time The computer 
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Left The spring-closing 
mechanism of the low-voilt 
age breaker permits safe 
manual closing up to 50 000 
amperes 


Right This 800-hp weath 
er-protected F A motor is 
installed in a fluid catalytic 
cracking plant. The FA 
motor, in which the wound 
stator is a component in 
dependent of the motor 
housing, has been built in 
all sizes and types, ranging 
from 150 hp, 450 rpm to 
4000 hp, 3600 rpm 
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FOR INDUSTRIAL PROCESSES 


The industrial gas turbine has joined 
forces with the blast furnace; blast 
furnace gas, produced by furnace op 
eration, can be used to drive a gas tur 





bine, which in turn pumps fresh air 
back into the furnace. In the past, 


bee This low-distortion axle hardening machine is the latest in a series of 
i developments in axle hardening techniques by induction heating over the 

nN last few years. In the past, the hardening process has produced distortion, 
e which required subsequent manual straightening. This new induction 


blast-furnace gas has been burned in a 
steam boiler; a steam turbine powered 
the blast furnace air blower. With a 
yas turbine installation, the boiler has > heating equipment maintains the original straightness tolerances of the 


been completely eliminated along with axle, and eliminates the straightening operation completely. The machine 











water requirements; operating costs ee can achieve maximum hardness for example, with 1041 carbon steel, test 
jan tobeced and evcle chclency im- Hs samples show a Brinell hardness number of 550; tensile strength is 290 000 
¢ , psi, as compared to 185 000 psi obtained by other hardening methods. 
proved. Furthermore, space require 
ments are less, which often permits 
y turbine inst ition in existing 
structures The lirst b ist-lurnace 
hy yy turl ne in this country S 
being insta ed in the U.S. Steel Cor power While this power Cal be pro ive Input and output of the tripler a 
poration’s South Works in Chicago duced by rotating freque mult ljusts the ect ent the re 
| unit have 1 Capacity it ers, for this app ition this me od tor to I t const t out t 
125 000 cf t 35 psig vas uneconon Enyineers ( voltage 
Phe gas-turbine blower consists of now found a solutio the form of a Phe saturable reactor is also le 
two axial-flow compressors, driven by static frequency tripler. to serve another purpose. For proper 
a turbine. One mpressor pre IriZes The new Irequency tripler IS ESS¢ operatio! , the trequency tr é re 
blast-furnace fuel gas and the other tially three single-pl ise transformers quires a load se power factor lies 1 
pressurlZ r lor feeding to the is connected vye-delta ba , Vit irrow I ve e re tor! S 
turbine bustor and to the blast one corner of the secondary delta ope: the load power f r wit € re- 
furnace. Low heat content blast-fur Phe primary wye winding is supplied quired limits 
! e gas and r re fed to a single Irom a three-phase three-wire source The stat freque y tripler er- 
comi tor i il jue feature f t S The SUDDIV V it we 1s 1 creased bove ently nas ) vy gy power I tor 
t } ‘ the normal! voltage r gy ol the pr on the | t side ecess t gy some 
The t tarted on distillate mary winding so that the core is oper form of correct to make the device 
1 once eated 1s swit ed to | t ted we bove the knee of its satura acceptable as lust e¢ ment 
f ( tion curve Regular rs across the it 
| é tion ag 5 Under this condition, a substanti would not work be se of the gh 
trates the versatility of the gas turbine third harmonic voltage appears across harmonic content of the line currents 
for integration into process lines the open corner of the secondary delta Therefore, a special filter circuit 
vinding, and whe load is connected vas devised, w the power factor 
to this open corner e lrequ¢ y correcting ¢ rs Ss irt of the 
currents flow. © tput voltage of any circuit. The ¢ t owed these 
desired \ e Cal be achieved by capacitors to be sed tor power ftactor 
()zone generators are frequently used choosing the proper turns ratio otf the correctior 
chemical, industrial, and water single-phase transformers. Phese | ber of other prob- 
treatment plants; for example, in wa- Phis principle of frequency tripling lems were solved in a unit that is rated 
ter treatment, ozonated air is bubbled is not new, but for the ozonator load, at 480 volts, three phase, 60 cycles on 
1) through the water to remove oxi solutions to many problems had to be the input side, with a single-phase, 
dizable materials that often affect the found. For one thing, the tripler has a 180-cycle, 70 output to ozon- 
taste of the water. large change of output voltage for a ator load 
The ozone generators have unusual small change in supply voltage. Thus \ total of 15 ele ise core and 
loading characteristics, and these in the ozonator would be subjected to coils units, including three single- 
turn require an unusual power supply. large changes in input power for small phase transformers and various re- 
For a constant supply’ voltage, the changes in input voltage. To eliminate actors, are assembled in the one tank 
output of the ozonator increases as the this problem, engineers used a satura- of this static frequency tripler 
frequency is raised; this brought about ble-core reactor connected in the out The st frequency tripler was 


al need for an economical and high 


efficiency source of high-frequency 
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put of the tripler. A magnetic ampli- 


fier voltage regulator senses the volt- 


use wit their ozone generators. a 
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Top A new principle is employed 
to make this mobile x-ray unit ex 
plosion safe for operating-room 
use. Air is taken from above the 
five-foot level, where gases are con 
sidered nonexplosive, and pumped 
into the unit under pressure, 
thereby preventing the explosive 
anesthetic gases, which are heav- 
ier than air, from entering the 
unit. Previously, this was accom 
plished with bottled gas in sealed 
pressurized units. However, the 
air-flow pressurizing system elim- 













inates the inconveniences, ex- 





pense, and maintenance of gas 
bottles, and permits on-the-spot 
servicing. The air-flow system also 
cools the electrical components in 
the sem:-closed system, and per 
mits increased ratings over the 
previous pressurized gas system. 











Bottom Standardized semicon- 
ductor modules are used in this 
analog-to-digital converter. 
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This list is compiled initially by an 
engineer, who writes down all wires, 


and addresses of each end, which are 


coded on a “street address” system — 


by level, connector, pin number, et 
This list is then put on punched cards, 
and a computer programmed with in 
formation of address locations, rules 
for lengths of wiring, wiring paths, 
etc., automatically prints out a list of 
all wires, by length, complete with an 
address for each end. Furthermore, 
the computer compilation Serves “as a 
double check on the engineer’s original 
Information 

By using this technique, a saving in 
engineering time results, drafting is 
completely eliminated from the manu 
facturing information, and wiring 


time is cut in half 


radar developments 


Radar range is proportional to the 

fourth root of the average radiated 

power, so that a huge increase in peak 
| 


pulse power 1s required to produce a 
significant increase in range. In cor 
ventional radar systems, the trans 


hyycrhy 


mitted radar ignal consists of wl 
peak pulses of r-f energy separated by 
an empty period, which is determined 
by the maximum detection distance 


Hence, 
} 


creased only by very large increases in 


averaye power could he 


" 


pulse power. And the extremely hig! 


voltage and high-power peaks re 
quired for a substantial increase ir 
average power create many problems 

However, radar designers have a 
new answer to the problem a novel 
long-pulse radar system, which = in 
effect keeps peak power low, but by 
“stretching” the pulse, maintains high 
average power he heart of this new 
radar system is an “‘all pass” fil 
which has nonlinear frequency char 
acteristics, so that all tree 
pass through the 
different 
quency. Hence, a pulse, which theo 


retically consists of many frequencies, 


phase shift for 


is in effect distorted, or “stretched” a 
planned number of times by this time 
delay action. At the receiver, the 
reflected pulse 1s passed through the 


same type of all pass filter, whict 


recompresses the pulse to its original 
length. Hence, the long pulse radar 
can give the equivalent resolution of a 
short pulse 

Phe all pass filter consists of several 


individual sections, passing all fre- 
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quency components, but shifting each 
frequency component a different 
amount in filter 
terminology, the filter consists of a 
second-order lattice, which eliminates 


time. In design 


half of the coils to achieve the same 
effect, thereby economizing on space, 
weight, and volume. The need for this 
is illustrated by the fact that in a 
single set of equipment almost 1000 
high-quality coils are required. The 
filter is embedded in a_plastic-film 
material, which provides rigidity, vet 
does not change electrical character 
istics of the embedded circuit. 

in S pace 


neers are devising some new applic a 


Paraballoon Radar engi 
tions for the Paraballoon antenna— 
the light-weight, inflated 
design developed for the U.S. Air 
Force In its 


antenna consisted of two paraboloids 


antenna 


original design, the 


one coated on the inside with vapor 


ized aluminum to form a radar retle« 


tor—joined at the rims and inflated 
Westinghouse designers envision sev 
eral possible applications for this 
same geometric configuration 1n space 


Under consideration are: a collector of 


solar energy to power auxiliary equip 


ment; an infrared reflector, which 


could be used for strategic reconnais- 


sance and m ipping; a radar antenna 


for long-range target acquisition and 


observation; and an antenna for a 
world-wide communications network. 

Designers are presently thinking 
along the following lines: the device 
would be constructed of light-weight, 
collapsible fabric or plasti film, so 
that the total weight of a 30-foot para- 
boloid collector would not exceed 100 
poul ds, and would ¢ ollapse into about 
2 cubic feet. Once in space, the para- 
boloid would be inflated with bottled 
gas. Pressure would be maintained for 


a short period to allow for rigidization 


through temperature stabilization and 


1 plasticizer release. In weightless 
space, once the unit has stabilized, the 
front cover could) be chemically 


loose and ejected thereby 


“burned 
providing a permanently unobstructed 
path of radiation from the sun to the 
collector. A solar power supply re- 
quires a large aperture for maximum 
pickup and should be con- 


With a 


suitable method for absorbing solar 


energy 


stantly oriented to the sun 


energy and converting it to electrical 
power, 10 to 15 hp should be available 
from such a solar power supply. 


The unit seems an ideal device for 
space application since an antenna 
used in outer space must initially be 
small volume for 
be reliably and 


packaged in 
launc hing, and then 


automatic: erected in space. The 





air-inflated antenna can meet these 
requirements with ease 
state of the art 
Three-Dimensional Radar—A new 
radar developed 
that, in addition to derivir 


can determine 


at the present 


system has been 
iy azimuth 
and range inlormatior 
target height. This additional function 


is accomplished with a multiple-beam 


antenna pattern, as opposed to the 


conventional singie-beam antenna 


By determining which beam 


pattern 


contains the target, the elevation 
angle is obtained, which is fed to a 
computer to obtain target | eight. The 


system employs a single antenna, with 
stacked beams. This new radar can 
replace a complex consisting of a 
search radar plus a multiplicity of 
height-tinding radars, with advantages 


in simplicity, weight, a 


magnetic fluxmeter 
Without exception, the best approach 
toa problem is a reduction to funda- 


Artist's conception of the three-dimensional 
radar system. This antenna system is an out- 
growth of the original Paraballoon concept. 
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ducing absorption and reflection. In 
essence, this means maintaining a 
phosphor mixture with a small per- 
centage of very fine or very coarse 
part les 

Appearance is an important factor 
in some lamp applications. Last year, 
engineers developed a white translu 
cent end base for fluorescent lamps, 
which can be used in place of the 
standard black base lamp However, 
the process was not as simple as the 
words sound. The base and the cement 
to hold it in place had to be dimen 
sionally stable and not be affected by 
heat or humidity. Also a new method 
of attaching the base to the lamp had 
to be found to maintain the translu 
cent feature. The answers were found 
In the form ol a urea plasti and ina 
method of cementing the base to the 
inside surface of the | imp rather than 
as has been customary 


have alwavs been 


to the outside, 

Lamp engineers 
faced with a choice of quite different 
characteristics when selecting either 
fluorescent or incandescent lamps for 
a given application. Incandescent 
lamps provide a concentrated source 
of light, 
cent lamps, on the other hand, have 


vith high brightness. Fluores 


low brightness, but concentration of 


light is difficult. A new experimental 


Left By increasing the 
plate voltage to 6000 
volts, this television 
damping tube (Type 
6CQ4) permits the use of 
higher picture tube 
anode voltages. Central 
to this development is 
the use of a glass button 
supporting and insulat- 
ing structure between 
the anode and cathode. 
Previously, the plate 
voltage of this type tube 
was limited to 4500 volts, 
because arcs would de- 
velop between the anode 
and cathode through the 
layers of the convention- 
al mica insulator. 


Right This new lamp 
for slide and movie pro- 
jectors has its own re- 
flector sealed in the bulb. 
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lamp may enable concentration of 
light from fluorescent lamps, but with 
lower surface brightness than incan- 
descent lamps. 

This is the so-called labyrinth lamp, 
which, in effect, forces the arc of a 
fluorescent lamp to follow a zig-zag 
path across a flat, square, and rela- 
tively thin lamp. An experimental 
model is about 9 inches square and a 
little over an inch thick. In the lamp, 
the arc follows a winding path about 
54 inches in total length 

The labyrinth principle has been 
tried before by lamp engineers, but 
was not practical because pressed 
glass had to be used, and it was too 
thick and too expensive for production 
blown glass has 


purposes Recently, 


become available in this form, which 


now makes such a lamp practical 
The new lamp is still in early develop- 
ment stages and many problems re 
main to be solved. However, the laby 
rinth lamp eventually may fill a need 
nt lamp.® 


for a concentrated fluoresce 


In both photography and projection 
of the processed film, the light from a 
lamp must be directed by,some form 


of reflector. An increasing number of 


lamps for both photography and de 








orative lighting purposes have the 
reflectors built into the lamp itself, so 
that the light output of the lamp will 
not be subject to the many variables 


of external reflectors. 


Iwo unusual 
lor projection and 


one for high-speed photography— 
t t S ! » 


new lamps—one 


have internal reflectors 

As the use of higl speed photogra 
phy in industry increases, the require 
ments necessitate smaller and more 
portable light sources. Last vear, e! yi- 
neers developed a new 300-watt re- 
flector phototloc ud imp that—in the 
most common type of application— 
gives more light output per unit area 
of light source t} ts 750-watt prede- 
cessor. High-speed photo lamps are 
usually burned at a distance of 10 to 
16 inches from the subject; the new 
lamp has a narrower beam spread 
than the old bulb, and therefore less 


light is lost on surrounding areas. The 


smaller bulb size enables use of the 
lamp in contined areas, unlike the 


more cumbersome 750-watt unit 

Phe new phototlood lamp is made in 
two versions 
for commercial and industrial pho- 
tographers, and a 2&-volt version 
(DXA) for use primarily in aircraft 

In projection lamps, a primary ob- 
jective Is to get as much screen bright- 
ness as possible from a given lamp 
With a give! 
function of the reflector and the opti 


\ new 


projection lamp contains a small con- 


lamp, this is largely a 
cal systems of the projec tor 


cave molybdenum mirror, positioned 
close to the concentrated filament 
coils, which leads to three improve- 
ments. First, it produces more screen 
brightness; second, it eliminates the 


need for an external reflector; and 
third, it reflects heat away from the 
rear bulb wall, thus reducing black- 
ening of the rear wall and contributing 
P 


! ] : 
to cooler lamp operation 


Some previous projection lamps 
have included a flat shield positioned 
close to the filament. However, the 
concave mirror system produces from 
10 to 20 percent more screen bright- 
ness, the exact value depending upon 


the tvpe of projector optical system. ® 


High-frequency lighting, using a 1500- 


cvcle lighting circuit instead of the 


normal 60 cycle, has several attractive 
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In a typical installation, seven flush About 5000 of these new runway the heat proble: enings are left 














units are combined with 21 elevated lights have been delivered to the between the lens 1! the luminaire 
units They are mounted 100 feet Federal Aviation Agency s housing so t t rca rculate tree 
apart on the extended centerline of the through the t 
runway, and are flashed in sequence. More light for classrooms Phe new luminaire is designed in 2 
Kach unit is flashed twice a second Recent lighting research studies have and 4-lamp ts, for 4- or &-foot 
with a time interval between adjacent indicated that the recommended foot lamps; al ( e 425 or 800 n 
units of 1 60 of a second candles of illumination for classrooms ampere rapid-start mps. a 
This unit was developed for the Alr should be doubled for best visibil y; 
Force and is currently installed in five and new standards have been estab- AVIATION 
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swl es, valves, locks, and other re- 
mote devices. To illustrate the amount 
f automatic interlocking involved, by 
ressing a button, the circuitry auto- 

lly locks the boom clamp to the 

lose cone, raises the missile to 
e firing position, unlocks, opens, and 


retracts the nose clamp, locks the 


her support, unlocks the boom 

from the launche 1 swings the 

OOT ) k vay I I the missile l 

the posit t the miussiie 1s 

tomat \ ted by ghts in 
the control root 

By sing React-O-Verse control 

( sisting I Magamp ymntrolled 

saturable reactor tr da 75-hp 


eleratio 1 1lece le tion ca be 
ed, be se the re tor scheme 
ete ¢ es t tors 
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environment 
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ings from 50 to 200 amperes for both 
low- and high-altitude applications. 
A third new conversion system is a 
static inverter for aircraft applic ations. 
This is a 3-kva unit that converts 28 
volts de power to three-phase, 200 
volt, LO0-cy le power. The static in 
verter will replace rotary inverters of 
large power ratings and will be lighter, 
environment-free, and have longer life. 
Units from 100 to 3000 watts are cur- 


rently developed. * 
4 o 


A new Westinghouse aircraft system 
will prune k more electrical power Into an 
airplane than any other system known 
In fact, the 


soeing B-52H, provides three times as 


first application, on the 


much power as the present s\ stem 
Phis system is rated 480 kva, apply 
ing four 120-kva a 
ated in 
120/208 volts, 3 


yenerators Oper 
yenerator 1s 


phase, Lin) 


parallel I ich 
rated 
t 8000 rpm. Each system, as 

B-52H, includes in 


addition to the ac generators, transi 


eVcies, al 
installed on the 
torized voltayve revulators and contr »| 


panels, current control and current 
transformer packages, differential cur 
rent transformers, and circuit break 
ers. The system will provide voltage 
regulation of plus or minus 1.5 
from zero to 100 percent load, will 
have an overload ¢ Lp ia itv of 150 per 
cent for five minutes and 200 percent 
for tive seconds 
These yvenerators are a part of a 
complete line of generators rated 10 
kva through 120 kva, the 
which was originally developed several 
years ayo 
; | 


Three silicon diode rectifiers are 


mounted in the generator shaft and re 
place the functions of the commutator, 
slip rings, and brushes. The unit also 
includes an integral high frequer cy 
permanent magnet generator to pro- 
vide control power for the system 

The generator weighs but 155 pounds 
and is approximately 11 inches in 
diameter and 14 inches long. It weighs 
but 1.25 pounds per kva, compared 


to 
2 pounds per kva for the previous B-52 
yenerator, rated 40 kva. * 


‘ 


The parametric amplifier, a relatively 
new device in the electronics field, is 
being considered for a number of air- 
borne radar and communication ap- 
plications. The fundamentaladvantage 


JANUARY, 1960 


of this amplifying device is its ex- 
tremely low internal noise characteris- 
tic. Hence, by adding a parametric 
amplifier on the front end of a radar 
receiver, or any receiving system, the 
device will sense extremely small sig- 
nals since internal noise is the ultimate 
limitation on the minimum signal that 
can be amplified. Depending upon the 
applications, radar ranges can be in- 
creased from 30 to 60 percent; in com- 
munications systems, the range can be 
at least doubled. T! 
has been found to be effective up to a 


1¢€ in rease in range 





point where ex ternal noise becomes the 
limitation 

The key element in the parametric 
amplifier is a variable-reactance semi- 
conductor, called a parametric diode, 


whic vhen 


li 1, W 


employed in a suitable 
network (usually microwave), will 
achieve ampliti ation. However, to do 
this, a unique power source, called a 
“pumping”’ source, is required to sup- 
ply the so-called pumping signal to the 
network—at a frequency two or more 
times the fre quency of the signal to be 
amplified. The pumping signal changes 
the reactance of the parame tric diode 
at the pumping frequency. The higher 
the pumping frequency with respect to 
the amplified signal, the truer the 
ampliti ation characteristic. When the 
incoming signal is applied to the diode, 
the changing reactance achieves signal 
ampiilicatior 

Pulse Doppler —A radar detection 
tracking system being developed by 
radar engineers presents a unique com- 
bination of tech 


This track-while-scan system 


radar and digital 
niques 
simultaneously tracks several objects 
while continuously scanning. A high- 
speed digital data processor keeps 
track of multiple target information 
tactical 
system 


and displays the situation. 


The radar employs pulse 


doppler techniques; by use of the 


doppler shift 


the apparent ¢ hange in 
frequency of the reflected signal caused 
by relative motion of the transmitter 
and the target—reflections from 


stationary ground objects (ground 
clutter) can be rejec ted This is par- 
ticularly desirable in detecting and 


ms « 


tracking low-altitude targets. 


The airborne digital data processor, 
which sorts out the radar signals, is an 
all-static 
transistors. The device has the capa- 
bility of 166 000 additions per second. 
The processor employs three basic 


device employing. silicon 


components, an ind memory, an 


oper 
instruction storage, and an arithmeti 
and control unit. Each of these com- 
ponents is about the size of a suitcase. 
Although the first application is the 
automatic track-while-scan system, 


e 


the processor 1S a veneral purpose « 


vice, which can be used in any air 
’ 


borne application where its speed, 


capacity, a! da ira is required. o 
The hot-shot tunnel is becoming a 


popular device for testing scale-model 


aircraft. In this relatively inexpensive 


tunnel, air is heated in a chamber by 
an electric dis¢ rge and then release 
into the test ectlor The heat and 
speed of the ir tlow over the mode! 


approximate the conditions encoun- 
tered In actual Supersonic flight 
In one of the more common types of 


hot-shot tunnels, 


ipacitors suppl 


rt 
energy for the arc. Essentially, the 
greater the capacitance of the system 
and the higher the voltage, the greater 
the energy release 1 in the arc and 
therefore the faster and hotter the alr 
flow over the test model. 

nN a relatively irge 
charge tunnel to be built for the Mc- 
Donnell Aircraft ¢ 
Missouri, 2320 capacitors will 


be used to supply an arc of 4-million 


Louis, 


amperes at 12 000 volts “d 
from Mach 11 to Mach 24 will be pro- 
duced in a test section whose diame 
varies from be 
the theory of a capacitor discharge is 
relatively simple, a tunnel of this 


ts many ¢ omplex prob- 


capac ity prese! 


lems. For instance, to obtain a dis- 


ly 1 to 3 milliseconds, 


charge time of o1 
coaxial cables have to be used through- 


out—including the electrodes them- 


selves—to reduce inductance to a 

The inductance has been 
awe 

rys including 


minimum 
reduced to 1.04 microhe 
capac itors, cables, and the electrode 
itself. In addition, the total ac re- 
sistance of the system is only 115 
micro-ohms. 


1: 1 


However, a discharge of 4-million 


amperes is no small current, and the 


coaxial conductors to the electrode had 
to be designed to withstand tremen 
pressures and forces. For in- 


stance, the conduc 


dous 
tors are reduced 
} } 


diameter as they approach the ele 


trode. The force tending to push the 


inner conductor out of the outer tube 


is about one million pounds. cf 
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more computer capacity for design 


The design of nuclear reactors has 
come a long way since the days when 
nearly every major nuclear question 
had to be answered experimentally. 
Those days have not yet disappeared 
by a long shot, but the fund of knowl 
edge and experience built up over the 
past ten years, plus the increasing use 
of large digital computers, is gradually 
changing reactor design from an art to 
a science. In order to achieve sub 
stantial performance improvement in 


reactors, nuclear design is now enter 


ing a phase where the operation of a 
core must be worked out completely 
on paper before it ts built 

; ? A new addition pl inned for the Bet 
}/ tis Laboratory is a Philco Transac 


——] Sa . 
= [—~ S-2000 computer, which will hasten 






the day when reactors can be designed 
completely by computer. The Transac 


Part four — research ye aoe ee 


about tive times as fast a previous 


suter tI at sas 


Bettis computer facilities; it also has 


and engineering 
- 

F a 4 The much higher computation 

P , 


a " ’ speed, which is achieved at a relatively 


other important idvant ives 





modest increase in computer cost, im 
proves computation economy very 


substantially, making economically 


feasibie muct! larger cal ulations than 
( 1 be afforded on the earlier com 
puter. I ldition to the speed ad 
vantage, the Transac and other new 
mM puler nave i ba ¢ improvement 
known as “buffering,” which permits 
ne machine to move, cor Irrentuly 
. omputation, data and instruc 
tions between internal Magnetic core 
memor ind m irger auNiary it 
present, magne ip data toravge 
fa ( I} the total volume ott 
formation that can be proce ed with 
out interrupting computation 1 not 


mited to the 32000 word internal 


capacity, but ts approximately a thou- 
ind times larger. The machine's abil- 


itv to move data during computation, 
while it permits very large problems to 


be handled ethiciently, requires careful 


coordination. of the variou parts ol 
he pr plem nee a data and in 
tr or must be in the right place 


at the right time 

These features of increased speed of 
calculation, buffered operation, and 
economy permit an increase of a factor 
of over ten in the number of points 
describing the reactor, and thus the 
accuracy of design is substantially in- 
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creased. The new computer will per 
mit a significant amount of nuclear 
design calculation work to be per 
formed in. three Space dimensions, 
whereas the limitations of the earlier 
computer permitted little beyond ex 


ploratory work in three dimensions. © 


EL still on the move 


One critical factor in any lamp de 
signed for general lighting is main 
to lamp engineers 


tenance, which 


means the length of time the lamp 
will operate before its light output 
drops toa predetermined percentage 
of its initial value. In this respect, re 
search engineers took a big step during 
1959. By 

| 


chemica 


making changes in the 
composition and the prep- 


aration methods of the basic zin« 


sulphide phosphors, they have in- 
creased their operating lifetime many 
fold lor all colors sased on experi 
ments recently conducted, the half 
hte —operating time to half the initial 
brightness—has been increased over 
4) times for electroluminescent lamps 


\ further improvement in half life 


improvement in 
materials and design of protective 
coaungs appli 1 to the lamps These 
so extended the 


limits to minus 


Improved coa ys a 
operating temperature 
d plus 71 degrees ( 

ed the resistance of the 


lamps to high relative humidity 


‘ ' 

As part of this same development, 
t neers have discovered a procedure 
that will hasten experimental work on 


electroluminescent lamps. Because of 


the nherent ong hfe of electro 
lur escent lamps, determination of 
their maintenance characteristics can 
be a time-consuming process. This is 
particularly true at low frequencies 
where the lifetime of phosphors 1s 


longest. Last vear, research engineers 
proper mathematical 
correlation, the results of high-fre 
quency tests could be used to deter 
mine low-frequency lifetime. Thus an 
accelerated lifetime test can now be 
conducted at high frequencies and the 


results interpreted to approximate OW) 


cycle performance. For example, to 
test one electroluminescent lamp at 60 
cvcles, about 30 days would be re 
quired before the lamp output dropped 
to half its initial brightness; using 
accelerated testing procedures, the 
same test can be conducted in 8 hours. 


Ihe uses for electroluminescence for 
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other than general lighting are in 
creasing, and each development con- 
tributes to the general knowledge of 
the phenomenon. In one study being 
conducted by research engineers, the 
brightness of one portion of an electro- 
luminescent display panel must be, at 
a given instant, brighter than similar 
surrounding areas, and the contrast 
must be sufficient to permit quick 
visual discrimination. The need here 
is for an electroluminescent phosphor 
increases rapidly 


whose brightness 


with voltage, so that, say, if one area 
Is operating at twice the voltage of the 
vill 


surrounding areas, its brightness 
be about 50 times as great. In com 
parison, the brightness of an ordinary 
electroluminescent phosphor may in- 
crease by only 15 times under the 
same operating conditions. 

Phis type of characteristic is most 
easily obtained by control of the 
phosphor particle size such that small 
partie les, which give a high slope to 
the brightness versus voltage curve, 
are used. However, the problem is how 


to obtain a high percentage of small 


particles in a phosphor. Any kind of 


almost hopeless 


| 
standpoint The 


“sorting”? process is 


from a_ practical 
i revised process- 
ing methods, which led to control of 
particle size. The new high discrimina- 
tion ratio electri yluminescent phosphor 
is being used in a display device in 
conjunction with light amplitier and 
photocondu tive cells 

Another devel 


produced a dee prede mitting pl osphor 


pment program has 


that can operate at lower frequencies 
than previous red phosphors his 


phosphor 1S part of i new electro- 
luminescent system capable of emis- 
sion in any color from blue to deep red 





through variation of the composition. 
Of equal significance is the fact that 
Known 
luminescent phosphor whose emission 


extends into the infrared region; this 


this is the thirst electro- 


leads to the possibility of ultimately 
producing a phosphor that can emit 
‘ntirely in the infrared region. * 


molecular electronics 

Atomic charges, fields, and spins have 
become the building blocks for a new 
form of electronic system—the so- 
Ac tually, 
molecular circuitry is not a conven- 


| nial ' 
called molecular circuit. 


tional form of “circuitry” (an array 


of individual components, arranged 


and wired together in some ordered 
fashion); instead, arrangements of 
the atomic distribution of material 
are used to perform such functions 
as energy conversion, ampli ation, 
detection, and fre juency sele tion. 

A completely new approach is re 
quired for designing the molecular 
Rather tl 


bination of circuit fun 


system 
tions, the com 
plete system must be ¢ sidered as a 
means for transforming energy. Scien- 
tists use their knowledge of the struc- 
ture of matter to design an arrange 
ment of materials that accomplish 
the desired system energy tral sforma 
tion. The molecular system is then 
synthesized, possibly into a single 
crystal of material, by such techniques 
as growing, etching, diffusion, and 
alloyil g. The result is a ompact block 
of material, which, with a given energy 
input, will produce the desired form of 


‘ 


energy outpu 


To develop a molecular system, the 
starting point may be a block of 


material made of a single 
where the atoms are packed in nearly 
perfect order. ( 
are then introduced into the crysta 

A real boost to the 


] ’ ‘ ¢ ry 
electronic system ¢ ineering concep 


molecular 
came when Westinghouse research 
scientists developed a method for 
growing germanium cr 
form of long, thin, uniformly flat 


ribbons. ready for ppli ation. These 


germ im ribbons (from 


dendritik 


dendrite, a tree-like crystal formed 
during solidification) provide the erys 
tal base wit! h to start building a 
molecular system. Scientists hope that 
this dendritic germanium ribbon, the 
first major breakthrough in the prep- 


aration of semiconductors 1 10 years, 


may provide the hassis” for the 
molecular ‘‘circuit”’ of the future 
Westing! 
out further research under a develop- 
ment ARDC’s 
Wright Air Development Center, as a 
part of ARDC’s broad effort in the 
field of molecular engineering. 
The first step in the ARDC-West- 


the examination 


se is presently Carrving 


contract issued by 


r 


ingho Ise program 
of total systems to evaluate necessary 
basic functior and the development 
blocks for ac- 


complishing these functions. Obvious- 


of molecular electron! 


ly, the goal is to combine the mani 
mum number of functions into the 
minimum number of blocks. 
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thermoelectricity for air conditioning 
and refrigeration on ships. 

The design of the model will be such 
that it lends itself to construction of 
a full-scale system. The three com- 
ponents will be built of identical 
thermoelectric modules, which can be 
individually removed or replaced and 
can act as building blocks fora system 
of larger size 

Phe air conditioning portion of the 
system will have a one-ton capacity, 
and will supply chilled water to a 
standard Navy unit space ¢ ooler. The 
thermoelectric heater will supply 
heated water to a standard Navy unit 
space heater The two cubic foot re 
frigerator-freezer will be capable of 
maintaining a temperature of zero 


degrees F continuously. . 


During the past decade, solid-state 
emiconductor devices have taken over 


nections previously per 


formed by electronic tubes. Recent 
discoveries may make possible a mar- 
riage of the two devices—in the form 
ola olid-state electronic tube.” 
The idea based on the fact that 
phy ts have d overed how to ob 
tain a constant tlow of electrons trom 
‘ ! ¢ ot ( un sem ond rT 
materia Last vear, Westinghouse 
( discovered this etlect in 
con carbide, and, importantly, the 
density of electron tlow 1 equal to 


that in the average electron tube 
The escape of electrons from silicon 


carbide accompanies the emission of 


visible ht from the crystal The 
visible light is a form of electro- 
luminescence d occurs when enough 
voltae plied across a junction to 


When break lown 


1960 
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occurs, small blue spots of light appear 
in the semiconductor crystal near the 
junction. Electrons escape from these 
spots, especially those nearest the sur- 
face of the crystal. The spots are 
small—about 50 millionths of an inch 
in diameter. from these 
spots up to one millionth of an ampere 


Currents 


have been measured, a density compa- 
rable to that of a typical vacuum tube. 

Using this principle, it is possible 
that an electronic tube can be built, in 
which the heated cathode is replaced 
by a small semiconductor crystal. The 
crystal, unlike the conventional cath- 
ode, would require a small amount of 
power and would yield electrons in- 
stantly and indetinitely when a small 
voltage was applied across it. 

The fact that an adequate flow of 
electrons can be obtained from a pin- 
point source could lead to many ad- 
vantaves in the construction of com- 


plicated tubes. It would simy 


focusing of the electron beam, and 
cliiminate many of the elements now 
used for this purpose. 

Scientists are now doing further 


the electron emission Irom 


resear or 

ri le vith he eventual r 
silicon carbide, with the eventual aim 
of making use of t S$ phenomenon 1 
vorking devices 2 
Five vears ago, electric utility trans- 


mission engineers felt that they coul 


predict the electrical performance of 


tra mission lines with respect to 
lightning effects with a fair degree of 
‘ j 


calculation had widespread act eptane e 


and had proved satisfactory In count- 





av 





Left 
satellite telemetry subsystem 


Ceft), 
electronic element (right). 
Center—This thermoelectric generator produces 100 watts of 
electric power. 
Right—This experimental electronic tube gets its supply of 
electrons from a tiny crystal of silicon carbide no larger than 
the head of a pin. The silicon carbide crystal is inside the 


cartridge being inserted into the tube. 


345-kv lines, as compared to the per- 
formance pred ted s caused the 
utility industry to take a new look at 
teristics of 


different 


lightning. The only charac 
the new hig! 


voilage lines 





from previous high-voltage transmis- 
sion lines appear to be their greater 
height and a single ground wire. 
Westinghouse engineers are present- 
ly studying two fundamental aspects 
lirst, a 


nt of the theory of 


of the lightning problem: 
further developm« 
the lightning stroke itself. The second 
phase of the problem, which is being 
developed simultaneously, is to deter- 
mine better methods for using the 


stroke characteristics, once they are 


determined, lor i lating the effect 
of lightning on the transmission line. 
In the last two ve if progre I is been 


made in both phases of the problem 

In the past, the lightning stroke has 
always been considered to have a wave 
front coming to crest in about four 
microseconds H ywwever, evidence 
gathered in recent years indicates a 


much sharper 


pletely new micept the Griscom 
Prestrike Theory developed by Wes 
tinghouse engineers predi ts two 
separate compone ts to a lightning 
stroke. The first mponent, the pre 
Strike, would be rp Spike y 
to crest 1 I tion Of a micro- 
second: thi eis f wed by a con- 
ventional retul LroKe \ is pre 
dicted to take five to ten microseconds 
to crest. 

Io check this theory, a measuring 
device was needed 1 t could detect 
these early It LO microsect l 
fronts of the voltage wave. Conse- 
quently, LKING I ) S bee 
develope | ( et t i measure 
wave-Iront Vo ive thin the range 


The improvements made possible by the molecular ap- 
proach are demonstrated by a light-sensing device for a 
Shown are the components re- 
quired for the subsystem employing conventional circuitry 
and a molecular 


transistorized circuitry (m/dd/e), 
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ire also developing new theory from the mathematical model, probability 
t t use the past. While much too distributions vere developed from 





com ted lor ¢ tion here, the system historical records Use of 
eV tions are based upon elec Monte Carlo techniques wit! these 
tric held theorv—the dynamic motion probability distributions simulate 
ol set ol magnet elds, ino which forced outages for use in the mathe 
electromagnet potentials are repre matical svstem model. A similar tech 
sented ] 5 more Hoviate thre nique ts used to simulate system load 
re est Tye concept ol vrowthn i the mode 

repres¢ I nr towers either (operating rf ( i d data ire 

I 1 t I ( mped ( ided the mode to m ite 
Anothe flere e betwee the eduled maintenance, periodic over 
‘ ‘ ] 1 pres is d other operatl Ss der 


( ( sim 
‘ etiect ! rye the rhyt { t mw reserve capacity Ss another 
S iz ‘ ty e the tf vert the ! torrepresented the ystemn nw le 
ft e eftiect ot hit | e mathe t system mode 
ers arte tothe tower top.@ set a speed divit an 
, , t¢ ‘ i reprod e 20 vears 
total ul ’ ysten Dial Ing ! ai ted stem experi ‘ ess 
The “ rorecte for t on te The mod eter 
ele the next 10 r lav-by-day ba vhat 
Md uy one t ! T ryle { rer e to upp y the ‘ i 
t et In 10 quired a t starts up these nit 
ri enerat ’ ept forced out ( ind meerate 
SOOO 000) | . the <ysten The moc mes the ime 
The kine-klydonograph can 
measure lightning wave front t ‘ , mic to make ct s as would be 
voltages within the range of I ( ted that edt ste eT loperators 


0.5 to 10 microseconds. the talle the ‘ \t e end 





SI r ni ( t serve the tw the mputer recor i ecmsions 
entire to I tt late yh yeneratior ld 
Dh ( ‘ ft w “ tions | be made, present wort 
‘ t ‘ 1 yr st it ‘ liture tot jtal need 
“ t U r-T re i pr vl ti ind operat y cost 


of ye ) 
urements fron levice. engineer ‘ ( t tio ed to sin te future events. eacl 
hope to prove the prestrike eors ene t the rer f the J0-vear period repre 
1) I vy tie 1959 gnt y seaso I " ene if ent aifterent ”) ‘ eque ‘ if 
st ed. But to té for measur ¢ ‘ tr . fatict probal ' of cond 
ing purposes, the 1959 season turne ‘ tio t t the svstem ) 1 exper 
out »> de extreme me. 0) ese ( est t t ‘ e. He e bvr y mber of 
one stroke measured. The meas ‘ ere , | ted imes tautist pread of the 
urement ted ft t the kine . ee Irom the robable enerator { tion dates 
k donograp 5 I 10 y tne P » ble (; ( ! required to meet tuture vad iD 
expected manner; furthermore, the New Jerse Westinghouse tained. Other « mn problen 
preiin r | te the prese ( ! r t re ts. risk bye t ( ited 
quick to point o i i number o ] t t st Ipresent i be me a powerl iid to system 
measurement ire required » that a rth ¢ I for the Pub Service Hani yg, providing management with 
sta il ana in be ide, be tem. | lo t been used 1 new tool for economic evaluation of 
fore ¢ iracter of ¢ { ' y ' ¢ ¢ TM té ny ete mathe ternate expal on plans tor the sys 
stroke can be detined. With a more a mat model of the Public Service sys tem. By surveving a large number of 
tive ligntning seaso 1960, engineer te! | ] terconnections possible expan lon programs, together 
hope to develop the p! ii data that Io operate the mathematical moc with the weighted probabilities asso 
Ww define the TOKE iracterists rye rr ol variable both pre ciated with each plan, management 
needed for the second phase of the dictable 1 predictable, must be will be in a better position to evaluate 
lightning study considered. For example, forced out long-range expansion plans. And once 


In the second area. Westir > aves as ¢ cheduled and economy the overall program 1s idopted, each 
with the effect of outages must be accounted for. To addition to the system can be coordi 


engineers working 


lightning strokes on transmission lines produce simulated forced outages in nated with the overall plan. * 
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Ihe decorative Micarta laminate used 
for many years as wall paneling in homes 


and 


function. It is 


pane | as well as 


offices now has a completely new 


now a radiant heating 


a durable and attractive 


vall panel. This is accomplished by 
embedding heating elements in the panel 
by a new manufacturing techn que 


In addition to the panel, a Micarta 


radiant heating baseboard has also been 
developed The two heating devices are 
till the experimental stage, but test 
how that the panel operates at S80 to 


legrees F and the baseboard at 130 


Surlace temperature = 





tube and safety plate of a new 23-inct 
| d 
tube, because these irtace Will bet 
‘ff , r ‘ , » ’ 
get nh an epoxy re 
‘ f ' , f } 
| rete ‘ iriace nave ( 
P cadt the iter irface f the 
ture tube 1 the ner irface f 
' fof ; ' — » teetead - 
{ { , iif ' iu » ' » 
i } t | 
reflect Optica ew vy area { the 
t ¢ ha Det crease 1 by 20 juare 
che ( pared t the convent " 
| i 
!-inch tube. by uking the face of the 
tube al t rectangular we 





y i ( cit eT y tru ’ 
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\ f ts essentially t 
ting 4 perating . f 
ect t the ime Ire é ( 
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I 
‘ \ ected t i ing il 
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All 


botton 


components 


1 of the board with a speci 


paint 


lube pins are shown 


rather than numbers; 


the value of each component 


ry code letter 


resistor, 





choke, or capacitor—is given; controls 


are shown and values indicated. * 


Development engineers have devised an 


infrared technique for determining cur 
rent distribution in complex electrical 
Infrared film is 

of | 
in turn are produced by 


rhough the tech 


conductor sh used, 


which ocalized 


responds 


high current densities 


nique is in development stages, it ap 
pears to be a potentially powertul tool 
for determining current distribution too 
compiex or time co iming for analyt 


this 


, 
ewhere in 


ue the use of the Hall multiplier in 
a wattmeter (p 13 [The heart of this 
, 
Vatt-measuring device 1s a small electro 
magnet tructure with a Hall crystal 
embedded in the structure's air gap. By 
proper connection of the ltage and 
current put t th 1, ce. al output 
bta ‘ that pr DD rt r il te the 
product { the phase compone *s of 
pplied current ar voltage. Such a de 
ce therefore has a number of other 
p le ipplicat some examples 
ire i ty er tor cor puter 
ipplicat hase detector, a fun 
t ene f fer julator or de 
' julator. t ime a few. With this 
I I rument engineers have 
Hal ; a 
Vacuur t ( é tor 1S¢ 1 ir elec 
I i id & t ‘ 1\ | r ‘ ate use 
- on » ‘ 4 
} the circuit designer e 











rw bale boratories are presently 
eing equ ‘ th higt weed cathode 

ra ( gral recor g equipment 
These e | ratories will be used 
t estigate switching surges on power 
vate st tra y ¢ tages ip to 
and in 345 kv. The irpose of 
the tu be t eter e more 
thoroug! tne nature i] SW tching 
IT ge Ca t by faults, line « pping 

I pping, 

ind dis« ect-switch operation. teh 
g-Surge er tages are an important 

con it as nsulat levels of 
tat equipment are reduced The 
study will be carried on ntly with the 


system over 


Power 
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